Textile inkjet printing is an increasingly popular process in the textile industry, as it allows for the incorporation of complex and detailed patterns onto fabrics, as well as the production of small and medium volumes of printed text. Unfortunately, most of the dyes used by the textile industry come from synthetic and/or non-renewable sources. There has been some research to date in using fungal pigments from wood rotting fungi ('spalting' fungi) as textile dyes, however these have never been tested in inkjet printing. Of particular interest is the red crystallizing pigment from Scytalidium cuboideum, which has previously shown exceptional stability on textiles. To test this pigment in an inkjet setting, cotton and polyester fabrics were printed with three different ink formulations involving the red pigment: hexadecyltrimethylammonium bromide (CTAB), ethanol, and acetone. The CTAB and ethanol-based ink formulations formed a 'mesh-like' structure on the surface of the cotton and polyester fibers, and turned the fabric purple. Acetone formulas formed crystal structures on the surface and turned the fabric red. These results show promise for turning the red pigment of S. cuboideum into an environmentally friendly, inkjet colorant, however further research is required to evaluate the crocking and explain the crystallization differences between inks.
Introduction
Textile dyeing is an ancient practice, beginning sometime between 3000-400 BC, and is still one of the cores of the textile industry. Early dyes came mostly from natural sources, such as plants and mollusks, as well as minerals such as ochre and iron oxide [1, 2] . But with an increased demand and a shift to mass production at the start of the 1700s, synthetic dyes became more popular and displaced the natural ones. This shift heralded increased research in synthetic dyes, which are still the base of the dye industry today [3] .
Although synthetic dyes are relatively cheap and easy to mass produce, many come from non-renewable bases such as cadmium, titanium, iron, lead, etc. [4] , which can be toxic for humans the potential industrial applications for this outstanding group of fungal dyes, and offers the textile industry a much needed natural and renewable pigment with strong color stability.
This work focused on the surface of textiles printed with draconin red via an inkjet printer, and the evaluation of the dyeing with scanning electron microscopy (SEM). Two different textiles, polyester and cotton, as well as multiple solvent carriers, were assessed to determine which carriers and which textiles were best suited to the inkjet printing method. The importance of this study resides in evaluating the feasibility of the fungal pigment from S. cuboideum to be used as an ink component for textile inkjet printing, as well to determine if draconin red has potential for commercial use in the inkjet textile printing industry as a potential competitor for toxic, synthetic dyes.
Materials and Methods

Pigment Production
Cultures from Scytalidium cuboideum (UAMH 11517) were inoculated onto wood chip amended plates with 2% malt extract agar (MEA) (20 gr of malt with 15 gr of agar per liter) as discussed in [40] . After the plates reached full pigmentation (4-6 weeks), they were left to dry overnight in a fume hood at room temperature. Each plate was then ground to approximately 2 cm particulate and then poured into a 250 mL Erlenmeyer flask. There, depending on the ink formulation, the pigment was extracted with the use of 30 mL of high performance liquid chromatography (HPLC) acetone (VWR, Brooklyn, NY, USA) or HPLC grade DCM (VWR, Brooklyn, NY, USA). Then, the solution was filtered with the use of a VWR 415 filter paper. Once extracted, the pigment was standardized to previously obtained CIELab values (L* = 82.32, a* = 26.84, b* = 13.19) by Robinson et al. [41] . The CIELab values correspond to a 0.73 mM concentration of pure 'Dramada', based on the relationship between molarity and color described by Vega Gutierrez et al. [36] .
Crystallization
The crystallization method for the pigment was performed following the methods by Vega Gutierrez et al. (2018) [24] . The method consists of concentrating the pigment acetone extraction to a quarter of the original volume (if it was 1 L of standard acetone extract, this volume would be concentrated to a 250 mL volume). Then, the concentrated solution was flash frozen with the use of 100mL of liquid nitrogen, which resulted in the surface of the acetone freezing. The cooled solution was then hand stirred for 30 s until a precipitate started to form at the bottom of the flask (the precipitate is of a maroon color). Then, the acetone solution and precipitate were filtered with the use of a VWR 415 filter paper. The precipitate was contained in the paper, and left to dry overnight to let the remaining acetone to evaporate. The precipitate crystals ('Dramada') were then collected from the filter paper with the use of forceps and stored in a 30 mL glass vial (ACE glass Inc., Vineland, NJ, USA).
Textiles
Two textiles were tested, cotton and polyester. The cotton fabric had a thread count density of 242 (121 × 121) with a weight of 131.59 g/m 2 , and polyester had a thread count density of 163 (83 × 80) with a weight of 85.47 gr/m 2 . The fabrics were selected based upon their previous success rate with spalting fungal pigments in prior experiments with DCM carried pigments by Hinsch et al. (2015 Hinsch et al. ( , 2016 [20, 37, 38] and pigments carried in oils by Palomino Agurto et al. (2017) [21] .
Immersion
The textiles were cut to 4 cm × 4 cm. Each textile was placed in a 200 mL Erlenmeyer flask with 100 mL of solubilized pigment (carried in acetone) for 15 min. After the determined time passed, the textile pieces were left on a glass surface to dry overnight (ambient room temperature 20 • C) to allow complete evaporation of the solvent. Then, the textile samples were cut to 1 cm × 1 cm and placed on a 
Dripping
Textile sections of 4 cm × 4 cm were placed on a flat glass surface, where 40 drops of pigment carried in acetone were applied using a VWR glass pipette. Each drop had an average volume of 0.0165 mL, and after each application the acetone was allowed to evaporate. After finishing the 40-drop application the textiles were allowed to dry for 24 h. Once the samples were completely dry, a center piece of 1 cm × 1 cm was cut out and placed on a TED Pella Inc. (Redding, CA, USA) aluminum stud (1 cm diameter) and affixed with TED Pella Inc. (Redding, CA, USA) double-coated carbon conductive tape.
Inkjet Printing
Three different ink formulations were prepared for the test: hexadecyltrimethylammonium bromide (CTAB), ethanol, and acetone.
CTAB-Based Ink
The preparation of the inkjet-print ink contained 0.0364 gr of CTAB (Sigma-Aldrich, St. Louis, MO, USA) in 5 mL DCM solution of standardized pigment (0.73 mM). Then, 1.5 mL water (deionized water) and 4.5 mL ethanol 200-proof (Pharmco-Aaper, Brookfield, CT, USA) were added. The mixture was stirred with a VWR CER hot/stir plate at 65 • C for 4 h. This process allowed the evaporation of DCM in the mixture, as measured by volume. The final ink was relatively stable and with printable viscosity and surface tension. Before jetted into the ink cartridge, the ink was filtered through a 0.45 µm VWR 2 mL syringe filter.
Ethanol-Based Ink
The ethanol-based ink was prepared by dissolving 'Dramada' crystals into 90-proof ethanol (USP, North Bethesda, MD, USA, ACS grade) at a 0.73 mM concentration. As the affinity of the crystals to ethanol is low, the solution required being placed into a sonicator (Kendal, China, HB-S-49MHT) for 8 h at 20 • C and 42 KHz of frequency to being fully dissolved. The ink was relatively stable in terms of printable viscosity and surface tension. Before jetting into the ink cartridge, the ink was filtered through a 0.45 µm VWR 2 mL syringe filter. Although it is possible some dye may have adhered to the filter using this method, concentration was not remeasured, as the filter was used across all similar tests (so all similar concentrations would have had similar adherence).
Acetone-Based Ink
'Dramada' crystals were dissolved in acetone to obtain a 0.73 mM solution. To completely dissolve the crystals, the mixture of acetone and crystals was placed on a VWR CER hot/stir plate at 200 rpm for ten minutes. Before jetted into the ink cartridge, the ink was filtered by a 0.45 µm VWR 2 mL syringe filter.
Inkjet Printing
A FujiFilm Dimatix inkjet printer (Santa Clara, CA, USA) was utilized for printing the ink onto different fabrics (cotton and polyester) in a 2.54 cm by 2.54 cm pattern. The drop spacing was set as 5 µm, which provided the maximum drop amounts in one print-cycle. The temperatures of both print head and fabric holder were maintained at room temperature. For each sample, four print-cycles were applied. Controls were prepared in a similar manner on 2 cm glass squares with a square pattern of 1 cm by 1 cm. In Figure 1 , the printed square pattern can be observed on cotton. 
Image Scanning
Color images of the fabric samples were obtained by scanning them at a 1200 dpi resolution using an Epson Perfection V370 Photo Scanner (Epson, Nagano Prefecture, Japan).
Scanning Electron Microscopy (SEM)
SEM samples were coated with a gold-palladium (Au-Pb) sputter for 35 s (resulting coating of 30-45 nm) using a Cressington Sputter Coater 108 Auto (Cressington Scientific instruments Inc., Cranberry Twp, PA, USA). The sputter allowed an enhanced optical contrast on all the samples as it prevented electron charging of the sample.
For the image analysis, two different microscopes were used. The FEI QUANTA 600F environmental SEM (FEI Co., Hillsboro, OR, USA) was used for images up to 20 μm, but a higher resolution was required for further detail imaging on the textile fibers. To do that, a FEI Helios NanoLab DualBeam (FEI Co., Hillsboro, OR, USA) was used as the images obtained with it had a higher resolution and could reach a higher magnification (10-5 μm) without distortion.
Results
Textile Controls
Images of the textiles controls can be observed in Figure 2a ,b. Cotton fibers showed a rougher and irregular surface (a combination of rugged and smooth surfaces) in comparison to polyester. Polyester was the fabric that had the most smooth surface and a slight angular shape on its fibers (it is possible to observe a few imperfections on its fiber surface). 
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Results
Textile Controls
Images of the textiles controls can be observed in Figure 2a ,b. Cotton fibers showed a rougher and irregular surface (a combination of rugged and smooth surfaces) in comparison to polyester. Polyester was the fabric that had the most smooth surface and a slight angular shape on its fibers (it is possible to observe a few imperfections on its fiber surface). Figure 3 shows the different colorations obtained by the dripping and immersion treatments on cotton and polyester. For the dripping method for cotton with both solvent-carriers (Figure 3a ,b), it is possible to observe a pigment accumulation on the surface of the yarns. These accumulations are a result of the evaporation of the solvents. A similar effect is observed on polyester with dripped acetone-based ink (Figure 3e ), where a higher pigment concentration is visible near the edges of the fabric (the edges were formed due to the sample wrapped edges during the treatment application). The same treatment but with the ethanol-based ink on polyester ( Figure 2f ) shows a color variation (from red hues with acetone, to purple-blue hues with ethanol) which can also be seen on cotton (Figure 3a ,b). The immersion treatment for both fabrics and solvent-carriers (Figure 3c ,d,h) showed lighter hues when compared to the dripping test. On Figure 3g is possible to observe the accumulation of pigment near the fabric edge, which is caused by the evaporation movement of the solvent.
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Polyester
The surface of polyester differed between those dipped in the solution and those dyed via immersion, with ethanol as the carrier. In Figure 5a , the dripping treatment formed a complex agglomerate of flattened crystals on the polyester fiber surface. Meanwhile, the immersion treatment (Figure 5b) showed a crystal distribution similar to the one observed on cotton with the same treatment.
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Printing: CTAB, EtOH and Acetone
Controls
The printed controls were applied on a glass surface. Each ink (CTAB, ethanol, and acetone) showed different patterns. CTAB-based ink (Figure 7a ) showed amorphous and flattened structures on the glass. The ethanol-based ink (Figure 7b ), showed bigger amorphous structures as well as scattered needle-like structures on the glass. Acetone-based ink (Figure 7c ) showed the highest difference when compared to CTAB and ethanol. The pigmented ink with acetone showed the formation of crystals with sizes over 20 µm. 
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Cotton and Polyester
Figure 8a,e show the textile controls for polyester and cotton. Figure 8b shows the printed surface of polyester with the CTAB formulation, the coloration obtained corresponded to a pale red-purple color. In Figure 8c the ethanol-based ink printed surface polyester shows a similar shade as the CTAB-based ink, but with a more intense pigmentation. Figure 6d shows polyester printed with the acetone-based ink, on that figure it is possible to observe a red shade with higher intensity, when compared to the other inks. For cotton, the CTAB-and ethanol-based inks (Figure 8f ,g respectively) show pigmentation on purple hues, with the ethanol-based ink showing a more intense hue. In Figure 8h the cotton fabric printed with acetone shows a lighter coloration that tends to red hues. Not only the visual difference was apparent, but the surface analysis also showed differences. 
Figure 8a,e show the textile controls for polyester and cotton. Figure 8b shows the printed surface of polyester with the CTAB formulation, the coloration obtained corresponded to a pale red-purple color. In Figure 8c the ethanol-based ink printed surface polyester shows a similar shade as the CTAB-based ink, but with a more intense pigmentation. Figure 6d shows polyester printed with the acetone-based ink, on that figure it is possible to observe a red shade with higher intensity, when compared to the other inks. For cotton, the CTAB-and ethanol-based inks (Figure 8f,g respectively) show pigmentation on purple hues, with the ethanol-based ink showing a more intense hue. In Figure 8h the cotton fabric printed with acetone shows a lighter coloration that tends to red hues. Not only the visual difference was apparent, but the surface analysis also showed differences.
Cotton printed with CTAB-based ink showed a mesh-like structure with the needle-like structures formed by the pigment (Figure 9a ). These structures covered the whole surface of the cotton fibers. A detail of the printed surface (Figure 9b) shows that the structures formed have a morphology similar to the ones observed with the ethanol dripping treatment (3-5 µm in length and 0.2 to 0.3 µm of thickness).
Coatings 2019, 9, 266 9 of 15 as the CTAB-based ink, but with a more intense pigmentation. Figure 6d shows polyester printed with the acetone-based ink, on that figure it is possible to observe a red shade with higher intensity, when compared to the other inks. For cotton, the CTAB-and ethanol-based inks (Figure 8f,g  respectively) show pigmentation on purple hues, with the ethanol-based ink showing a more intense hue. In Figure 8h the cotton fabric printed with acetone shows a lighter coloration that tends to red hues. Not only the visual difference was apparent, but the surface analysis also showed differences. Cotton printed with CTAB-based ink showed a mesh-like structure with the needle-like structures formed by the pigment (Figure 9a ). These structures covered the whole surface of the cotton fibers. A detail of the printed surface (Figure 9b) shows that the structures formed have a morphology similar to the ones observed with the ethanol dripping treatment (3-5 μm in length and 0.2 to 0.3 μm of thickness). The ethanol-based ink coating was not obvious on cotton at a magnification 20 μm (Figure 10a ), but it was distinguishable at 4 μm (Figure 10b ). On the last figure, it is possible to see that the structures formed by the pigment of S. cuboideum were of a reduced size (shorter than 2 μm) when compared against CTAB and acetone. Polyester printed with CTAB (Figure 11a) showed a similar 'mesh-like' pattern as cotton with the same ink (Figure 9a) . The crystal structures were bigger and more discernable at a 5 μm magnification. The ethanol-based ink formed an irregular surface on the polyester fiber (Figure 11b) , as well as irregularly shaped crystals on the sides. The ethanol-based ink coating was not obvious on cotton at a magnification 20 µm (Figure 10a ), but it was distinguishable at 4 µm (Figure 10b ). On the last figure, it is possible to see that the structures formed by the pigment of S. cuboideum were of a reduced size (shorter than 2 µm) when compared against CTAB and acetone. Cotton printed with CTAB-based ink showed a mesh-like structure with the needle-like structures formed by the pigment (Figure 9a ). These structures covered the whole surface of the cotton fibers. A detail of the printed surface (Figure 9b) shows that the structures formed have a morphology similar to the ones observed with the ethanol dripping treatment (3-5 μm in length and 0.2 to 0.3 μm of thickness). The ethanol-based ink coating was not obvious on cotton at a magnification 20 μm (Figure 10a ), but it was distinguishable at 4 μm (Figure 10b ). On the last figure, it is possible to see that the structures formed by the pigment of S. cuboideum were of a reduced size (shorter than 2 μm) when compared against CTAB and acetone. Polyester printed with CTAB (Figure 11a) showed a similar 'mesh-like' pattern as cotton with the same ink (Figure 9a) . The crystal structures were bigger and more discernable at a 5 μm magnification. The ethanol-based ink formed an irregular surface on the polyester fiber (Figure 11b) , as well as irregularly shaped crystals on the sides. Polyester printed with CTAB ( Figure 11a) showed a similar 'mesh-like' pattern as cotton with the same ink (Figure 9a ). The crystal structures were bigger and more discernable at a 5 µm magnification. The ethanol-based ink formed an irregular surface on the polyester fiber (Figure 11b) , as well as irregularly shaped crystals on the sides. 
Printing: Acetone
Acetone-based ink had different interactions with cotton ( Figure 12a ) and polyester ( Figure  12b ). On cotton, the ink showed sparse crystal structures, but it did not form the 'mesh-like' structures that were previously observed with the CTAB on cotton (Figure 9a ) and polyester ( Figure  11a ). The 'Dramada' crystals on cotton had an average length of 10 and 0.1 μm in width. In contrast, the acetone-based ink in polyester had thicker and shorter crystals (five μm of length and a width of 0.2-0.4 μm), with a similar appearance as the immersion acetone treatment (Figure 6d ). 
Discussion
Dripping and Immersion
The results obtained with dripping and immersion treatments with ethanol and acetone showed differences between the carriers and textiles. On cotton, both treatments with ethanol presented a dispersion of crystals across the cotton fibers. When compared against a previous study that used DCM instead [42] , the DCM did not achieve an even distribution of crystals (as was observed with ethanol and acetone in this study), due to a migration of the pigments to the ends of the textile fibers. A possible explanation for this phenomenon can be attributed to the different evaporation rates of DCM, acetone, and ethanol. As DCM has a faster evaporation and a higher density (1.326 g/mL) [43] than ethanol (0.789 g/mL), is possible that it is affected by the capillarity of cotton at a higher degree than the ethanol. Another difference is within the crystal size. The 
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Discussion
Dripping and Immersion
The results obtained with dripping and immersion treatments with ethanol and acetone showed differences between the carriers and textiles. On cotton, both treatments with ethanol presented a dispersion of crystals across the cotton fibers. When compared against a previous study that used DCM instead [42] , the DCM did not achieve an even distribution of crystals (as was observed with ethanol and acetone in this study), due to a migration of the pigments to the ends of the textile fibers. A possible explanation for this phenomenon can be attributed to the different evaporation rates of DCM, acetone, and ethanol. As DCM has a faster evaporation and a higher density (1.326 g/mL) [43] than ethanol (0.789 g/mL), is possible that it is affected by the capillarity of cotton at a higher degree than the ethanol. Another difference is within the crystal size. The interaction of the 'Dramada' crystals when carried by ethanol, and deposited on cotton, resulted in crystals 3-5 µm in length and 0.2 to 0.3 µm in thickness, in comparison with previous results of the crystals carried in DCM that were 0.95-47 µm in length and 2-4 µm in thickness [42] . Also, from these tests, it was possible to observe the color variation between the solvents and fabrics.
The interaction of acetone with cotton with dripping showed a similar behavior as the one reported for cotton with DCM. Both solvents with dripping tended to have crystal agglomerations at the ends of the fibers. In contrast, the immersion treatment of cotton with acetone showed a behavior similar to ethanol (dispersed crystals along the fibers). This result may be due to the similar densities of acetone (0.788 g/mL) and ethanol (0.789 g/mL). These observations from SEM are also relatable to the color obtained. The dripping treatments in general resulted in more vivid colors (which can relate to a greater amount of pigments deposited on the fabric surface), while the immersion treatments resulted in paler colors (with more dispersed crystals on the fiber surfaces). These results show that immersion treatments tend to deposit fewer quantities of pigments compared to the dripping test. Correlating this to the ink-jet printing methods where the pigments are deposited in a micro-dripping manner, it is possible to assert that the obtained colors are going to be more intense, if compared to batch-dyeing methods (fabric immersion).
For polyester, both treatments (dripping and immersion) and solvents (ethanol and acetone) showed dissimilar results. The combination of polyester with ethanol dripping showed the formation of a 'mesh-like' crystal structure, while the immersion treatment had similar results to ethanol (dispersed crystals along the fiber). The formation of the 'mesh-like' structure has not been previously observed with DCM, where needle-like crystals were observed on the fabric surfaces [24, 42] .
A different interaction was observed with the crystals carried in acetone and polyester. Both treatments showed the formation of well-defined rectangular crystalline structures, as well as a coloration that tended to red hues. This morphology has been previously observed on the crystallized form of the pure pigment [24, 36] , and differs of what has been previously observed in DCM [42] , where the crystals showed a flattened structure that 'wrapped' around the polyester fiber. It is possible that effects like evaporation rate and solvent density play an important role in the formation of the crystalline structures, as well as interactions with the fabric surface. As different textile fibers have different physical properties-of which capillarity is the most likely to influence absorption rate and pigment distribution-cotton is known to have higher capillarity than polyester [44] . As each of the treatments (solvents and delivery methods) showed visual differences in how the 'Dramada' crystals interacted with the fabrics, more research is required in the chemical and physical field to be able to explain the different morphologies observed within each of them.
Printing: CTAB, Ethanol, and Acetone
The three ink formulations studied showed different 'Dramada' crystal configurations when printed on glass. CTAB and ethanol-based formulations showed amorphous structures, whilst acetone showed well-defined crystal structures. These changes in morphology require further chemical research, as the crystalline structures have also been observed with DCM [42] , but this is the first time reporting an amorphous configuration on controls, although these configurations changed when the pigment was applied to fabrics. It is important to note here that the CTAB-based ink dried in a similar time as the ethanol and acetone (droplet size was small). Therefore, no differences were noted around evaporation time.
It is also important to mention that previous experimentation on the analysis of the pigments has shown that the crystals shown are not artifacts produced by the imaging, as an extensive study of these pigments has been previously performed by Vega Gutierrez et al. (2017) [42] . On that study it was also observed that the crystals are produced only by S. cuboideum, as other pigments from fungi have a porous configuration. Additional studies focusing on potential solvents carrying S. cuboideum have also been performed, and the crystallization was observed on samples with the pigments and not on the controls [45] .
The CTAB-based ink formulation on cotton and polyester showed similar 'mesh-like' structures, as well as a coloration that tended to purple hues. Cotton with the ethanol-based ink also had this structure but with a different crystal size. Ethanol-based ink on polyester formed structures that were between amorphous to rectangular shaped, as well as a paler coloration. Similar to the dripping and immersion tests, these structures have not been reported before and further testing is required to determine the interaction between the pigment from S. cuboideum and the solvent carriers. When the SEM images were compared to the resulting printing colorations, it was possible to infer that there exists a correlation between crystal morphology and resulting color. The mesh-like structures that were observed on the CTAB and ethanol-based inks resulted in colors that tended to the purple-hues on cotton and polyester, while the more angular-shaped crystals produced by the acetone-based ink resulted in red hues. This relation requires further research, as it is possible that is affected not only by the solvent-carrier, but also by the printing cycles and textile interactions. Interestingly, it was observed that the printed ink stayed mostly on the surface of the textile. This could prove problematic for commercialization, as most current textile inks absorb into the fibers [46] , and having the colorant sit on the surface is likely to affect its color stability.
Such absorption is usually achieved with the use of nanoparticles to deliver the inks internally, as well as to avoid obstructions of the printing nozzle [17, 47] . One of the advantages of delivering the ink internally to the fiber is increased colorfastness (although mordants can also help in this area). This last topic is also one of the most studied ones, as there is a current development of different mechanisms such as UV-curable inks [48] , chitosan [49] , and textile surface pretreatments [17, 46, 50] that have the sole goal to increase the color fastness of the inks. In the case of textile surface pretreatments, there have been several studies related to improving the capacity of silk, linen, polyester, and cotton [51] [52] [53] to absorb and bind pigments more efficiently on their surface. Also, there is ongoing research into adding mordants [54] and other components [55, 56] in the ink, to make the fabric more 'receptive' to the colorant [18] .
Fungal Pigments-Breaking the Rules
However, previous research into the pigmenting capabilities of S. cuboideum has shown that textiles like polyester show remarkable colorfastness without the need of mordants or pretreatments [20, 38] . This pigment has also shown a degree of versatility with their affinity to a wide array of carriers, such as the ones tested for the ink formulations, as well as natural oils [21] . All of these characteristics show that S. cuboideum red pigment has the potential to be used as a natural dye for textile inkjet printing. As the current market continues to press into more renewable sources for dyes, colorants from nature, such as carmine (pigment from Dactylopius coccus) [57] , annatto (Bixa Orellana), cutch (Acacia catechu), and golden dock (Rumex maritimus) [58] , will become increasingly important. The ability to make inks that do not contain salts is also beneficial, as salts can affect the printing nozzle [18] by creating blockages. Spalting fungal pigments may be the answer to natural colorants that do not require heat nor mordents to adhere, yet are nontoxic, colorfast, and light resistant-a boon for the industrial textile industry. To complete the development of draconin red for such a future, further testing into the ink formulations, crystallization, textile interactions, crocking and colorfastness is required.
Conclusions
The different applications (dripping, immersion, and printing), textiles, and ink formulations showed different morphologies for the 'Dramada' crystals of S. cuboideum. Printed textiles with CTAB and ethanol formulations tended to form 'mesh-like' structures covering the surface of the textile (cotton and polyester) fibers, accompanied by a visual purple hue, while acetone-based formulations formed well-shaped crystal structures as well as red coloration. Overall, fungal pigments from Scytalidium cuboideum showed promising results as a potential ink component for textile printing. 
